Real-time assessment of fluid flow generated by appendage movements of Daphnia using standing square-wave chronamperometry.
Standing square-wave chronoamperometry (SSWCA) was applied to the analysis of the microfluid flow generated by the movement of the appendages of the Crustacea Daphnia. This novel approach provided for the first time real-time assessment and analysis of the breathing rate/fluid flow of individual organisms. An electrochemical tracer was delivered into the fluid inflow of the organism and a carbon fiber microelectrode placed in the fluid outflow's path. The variation of the net concentration/flux of the electroactive tracer, dopamine, at the electrode surface was measured with SSWCA. The observed chronoamperometric peaks (with fine structure) of the outflow are seen as a direct representation of appendage movement and, too, the workings and responses of the organism to its environment, e.g., external stimuli such as food or chemicals. It was concluded that SSWCA follows primarily the variation of the convective component of the Nernst-Plank equation for flux and, to lesser extent, diffusion and migration. In this work, SSWCA can clearly be used to monitor changes in the Daphnia-generated fluid outflow on a different time scale than was previously possible. This new application of SSWCA is faster and likely more accurate than using high-speed video.